Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/GB05/001 141 
International filing date: 18 March 2005 (18.03.2005) 

Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0406336.8 

Filing date: 19 March 2004 (19.03.2004) 



Date of receipt at the International Bureau: 13 June 2005 (13.06.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




o 
o 



Patent 



QflSce 



in 



INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
CaixiiffRoad 
Newport 
South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
onginally filed m connection with the patent appUcation identified therein. 

I also certify that the attached copy of the request for grant of a Patent (Form 1/77) bears a 
correction, effected by this office, following a request by the appUcant and agreed to by the 
Comptroller-General. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and any accompanying documents has re-registered under the Companies Act 
1 980 with the same name as that with which it was registered immediately before re-registration 
save for the substitution as, or inclusion as, the last part of the name of the words "public Umited 
company" or their equivalents in Welsh, references to the name of the company in this certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. 



]h accordance with the rules, the words "public limited company" may be replaced by p 1 c pic 
P.L,C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Dated 23 May 2005 /j 



An Executive Agency of the Department of Trade and Indnstty 



Its Focm 1/77 



Patents Act 1977 



Request for grant of a patenl 

(See the notes on the bade of this form. You can also i et 



THE p%n 



an explanatory leaflet £rom the Patent 0£Bce tohdpyouW! 



1 9 MAR 2004 

-RULE 97 
i\iEWPORT 



iFiCE 



1 . Your reference 



P32863-/MGO/JDB 



^"1 



22HAR04 m^m^mm^ / / 



The Patent Office 

Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



2. Patent application number 

Ohe Patent Office will fill this part in) 



0406336.8 



f19 MAR 20n4 



3. FuU name, address and postcode of the or of Siihspa 7 (lij^ ' ' — " ^ 

each appHcant (underitne aUsnmafnes) G reonwoil - Bao e ScpUSjecL ^ <2 V 

Gce e R Woli R o a d ^.^-^ . , ^ i U 

Cujl Tuilub, Aberdeen, AB12 3 AX ^ ^OuLltS trc^^tr \ M 

Patents ADP number crj'o«&«o«;ift) S CXJ^ ( "^W, KiaUG/loadS 

If the applicant is a corporate body, give tJhie _ ^ 7 S ^ "XOO I 
country/state of its incorporation UKJiTED k^n^sR^&CM KJ(iA<j^ {o^dS 



4. Title of the invention 



"Apparatus and Method" 



2 a-^os 



5. Name of your agent {if you have one) Murgitroyd & Company 

"Address for service" in the United Kingdom 1 65-1 69 Scotland Street 

to which aU correspondence should be sent Glasgow 

{including the postcoOe) G5 8PL 



1198015 



Patents ADP number (if you know it) 

6. Priority: Complete this section if you are 
declaring priority from one or more earlier 
patent appHcations, filed in the last 12 months. 



Priority application number Date of filing 

Of you know it) (day / month / year) 



Divisionals, etc: Complete this section only if 
this application is a divisional application or 
resulted from an entitlement dispute (see notc^) 



8. Is a Patents Form 7/77 (Statement of 

inventorship and of right to grant of a patent) 
required in support of this request? 
Answer YES if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
Otherwise answer NO (See note d> 



Number of earlier UK application Date of filing 

(day /month /year) 



Yes 



Patents Form 1/77 



Patei^^orm. 1/77 

9. Accompanying docuftients: A patent application 
must include a description of the invention. 
Not counting duplicates, please enter the number 
of pages of each item accompanying this form: 



Continuation sheets of this form 

Description 34 
Claimfs^ 
Abstract 
Drawingfs> 3 ^ 




10. If you are also Jfiling any of the following, 
state how many against each item- 
Priority documents 
Translations of priority documents 

Statement of inventorship and right 
to grant of a patent CPatents Form 7/77) 

Request for a preliminary examination 
and search (Patents Fonn 9/77> 

Request for a substantive examination 
CPatents Form 10/77) 

Any other docimients (please specify) 



; of this ^PP^^j^YD^ ^ C£)' 



11. I/We request the grant of a patent on the basis i 

SignatureCs) MUA^ iTgOVD i Co'^^'^''/ 



12. Name, daytime telephone number and James D Brown 

e-mail address, if any, of person to contact in 01 224 70661 6 

the United Kingdom 



After an application for a patent has been fUed, the ComptroUer of the patent Office wiU c^^^^^ 

clmtudcLn of tl« «n should be proWbited or restricted under Section 22 of the Pat^xts Act 1977. You wOl l« 
is necessary to prohibit or restrict your invention in tl^ way. Furthermore, if you Uve in the Un^^^^ 

Act 1977 stops you ftom applying for a patent abroad without first getting written permission from the Patent Office unless an 
appiJtLXle^^ 

prohibiting pubUcation or communication lias been given, or any such direction has been revoked. 

2"*^ you need help to flllin this form or you have any quesUons, please contact the Patent Office on 08459 500505. 

b) Write your answers in capitallettersxising black ink or you may type them. 

c) If there is not enough space for aU the relevant details on any part of this form, please continue on a septate sheet of paper and 
write "see conttauation sheet" in the relevant part(s). Any continuation sheet should be attached to this form. 

d) If you have answered YES in part 8, a Patents Form 7/77 will need to be ffled. 

e) Once you have fflied in the form you must remember to sign and date it. 

f) Part 7 should onlv be completed when a divisional application is being made tmder section 15C4), or when an appli^tion is being 
madeundersection8(3). 12(6) or 37C4) foUowlng an entidement dispute, completing part 7 you a« «quesm^tl«^ 
application takesthcsamefllingdateasaneariierUKappUcation. if you want the new apphcation to have the same pnontydateCs) 
as the cariier UK appUcation. you should also complete pan 6 widi tiie priority details. 

Patents Fomi 1/77 

Aug 03 



1 



1 "Apparatus and Method" 
2 

3 The present invention relates to apparatus and a 

4 method that are particularly, but not exclusively, 

5 suited for deep-water heave compensation. 
6 

7 It is common in the marine industry for loads to be 

8 lowered from a surface vessel to the seabed. The 

9 surface vessel is typically provided with a winch or 

10 crane that is capable of lowering a load to the 

11 seabed, or raising a load therefrom. As the vessel 

12 floats on the sea, the wave action of the sea causes 

13 vessel motions, which in turn cause motion of the 

14 top end of the lowering cable or rope. In 

15 particular, vertical motion of the top end of the 

16 cable or rope translates to an undesirable vertical 

17 motion of the suspended load. 
18 

19 Unwanted vertical motion of the suspended load 

20 creates two problems in the marine industry. 

21 Firstly, relative motion between the load and the 

22 surroimding water introduces additional loads into 
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1 the system. Secondly, the uncontrolled vertical 

2 motion of the suspended load makes it difficult for 

3 an operator to be confident of positioning a load on 

4 the seabed, or other landing site, in a safe and 

5 damage -free manner. Thus, the load may be set down 

6 too heavily causing damage thereto. 
7 

8 Heave compensated cranes and winches are the common 

9 solution to these problems. A conventional heave 

10 compensated winch or crane includes a motion 

11 reference iinit that monitors the motion of the 

12 vessel. The motion of the vessel is translated to 

13 the point from which the load and lowering rope are 

14 suspended, and thus the output from the motion 

15 reference unit can be used to monitor the motion of 

16 the point of suspension. The output from the motion 

17 reference unit forms a feedback loop to the control 

18 system that drives the winch or crane so that the 

19 vertical motion of the vessel caused by the waves 

20 can be compensated for. As a result, the point from 

21 which the load and lowering rope are suspended 

22 becomes nearly stationary. In practice however, it 

23 is not generally possible to compensate entirely for 

24 the heave of the vessel, and thus there is normally 

25 some small residual motion at the load. This motion 

26 is usually within acceptable limits for handling 

27 loads. 
28 

29 These conventional heave compensation systems 

30 generally work well in relatively shallow water 

31 (depths up to around a few hundred metres) . This is 

32 because the lift wire is relatively short, and the 



wire acts as a stiff spring. The magnitude of any 
resonance in the system is therefore minimal and 
easily accommodated for by the operator of the winch 
or crane . 

However, when working at depths beyond this, further 
difficulties arise, in particular, the elasticity 
inherent in the long hoist cable. This can induce 
motions in the load that are not directly related to 
the vessel motion and therefore load control based 
solely on the measurement of the latter is no longer 
adequate. Even in relatively shallow depths, 
resonant behaviour can still become a problem if a 
conventional (steel) lift wire cannot be used for 
whatever reason (e.g. for operational reasons, a 
fibre lift wire must be used) . 

According to an initial aspect of the present 
invention, there is provided load movement control 
system for a winch or crane system located on a 
vessel, the winch or crane system including a lift 
wire, the load movement control system comprising: - 

a) a control means to permit an operator to 
instruct the winch or crane system to at least 
raise, hold or lower the lift wire; 

b) a vessel motion detection means for 
detecting heave acting upon the vessel and winch or 
crane system; 

c) lift wire resonance prevention means for 
measuring and/or predicting the tension in the lift 
wire; and 
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1 a control device capable of receiving outputs 

2 from the a) operator control means, b) vessel motion 

3 detection and c) lift wire resonance prevention 

4 means means and controlling the winch or crane 

5 system in response to said outputs. 
6 

7 According to the initial aspect of the present 

8 invention, there is also provided a method of 

9 controlling the movement of a load raised or lowered 

10 by a winch or crane system provided on a vessel, the 

11 winch or crane system including a lift wire, the 

12 method comprising the steps of 

13 a) providing an output from an operator control 

14 means which indicates if an operator instructs 

15 raising, holding or lowering of the lift wire; 

16 b) providing an output indicative of heave 

17 acting upon the vessel and winch or crane system; 

18 c) providing an output indicative of a 

19 prediction and/or measurement of resonance generated 

2 0 in the lift wire; and 

21 d) adjusting the pay out or recovery of the 

22 lift wire in response to the said outputs a) to c) . 
23 

24 Typically, the method and apparatus according to the 

25 initial aspect comprises providing a control device 

26 including a computation means - 
27 

28 Optionally, the control device is further capable of 

29 receiving an output from a load movement -device and 

3 0 is optionally further capable of controlling the 
31 winch or crane system in response to said output. 
32 



According to a first aspect of the present 
invention, there is provided heave compensation 
apparatus for a winch or crane system, the winch or 
crane system including a lift wire, the apparatus 
comprising: - 

a lift wire tension measuring device for 
measuring the tension in the lift wire; 

and a control device capable of receiving an 
output from the lift wire tension measuring device 
and controlling the winch or crane system according 
to the changes in tension in the lift wire, so as to 
stabilise the load. 

According to the first aspect of the present 
invention, there is also provided a method of heave 
compensation for a winch or crane system, the winch 
or crane system including a lift wire, the method 
comprising the steps of:- 

measuring the tension in the lift wire; and 
adjusting the pay out or recovery of the lift 
wire to compensate for the changes in the measured 
tension - 

In the first aspect, the apparatus optionally 
includes a load motion measurement device for 
measuring the motion of the load, and the control 
device is capable of receiving an output from the 
load motion measurement device and controlling the 
winch or crane system according to the movement of 
the load. 



6 

1 Also in the first aspect, where the winch or crane 

2 system is provided on a vessel, the apparatus 

3 optionally includes a vessel motion measurement 

4 device for measuring the motion of the vessel, and 

5 the control device is capable of receiving an output 

6 from the vessel motion measurement device and 

7 controlling the winch or crane system according to 

8 the movement of the vessel. 
9 

10 Also in the first aspect, where the winch or crane 

11 system is provided on a vessel, the apparatus 

12 preferably comprises a lift wire distance 

13 measurement device which measures the length of lift 

14 wire that has been paid out. 
15 

16 According to a second aspect of the present 

17 invention, there is provided heave compensation 

18 apparatus for a winch or crane system, the winch or 

19 crane system including a lift wire for attachment to 

20 a load, the apparatus comprising: - 

21 a load motion measurement device for measuring 

22 the motion of the load, and a control device capable 

23 of receiving an output from the load motion 

24 measurement device and controlling the winch or 

25 crane system according to the movement of the load, 

2 6 so as to stabilise the load. 
27 

28 According to the second aspect of the present 

29 invention, there is also provided a method of heave 

3 0 compensation for a winch or crane system, the winch 

31 or crane system including a lift wire, the method 

32 comprising the steps of:- 
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monitoring the movement of a load suspended by 
the lift wire; and 

adjusting the pay out or recovery of the lift 
wire to compensate for the movement of the load. 

Also in the second aspect, where the winch or crane 
system is provided on a vessel, the apparatus 
optionally includes a vessel motion measurement 
device for measuring the motion of the vessel, and 
the control device is capable of receiving an output 
from the vessel motion measurement device and 
controlling the winch or crane system according to 
the movement of the vessel. 

Also in the second aspect, where the winch or crane 
system is provided on a vessel, the apparatus 
preferably comprises a lift wire distance 
measurement device which measures the length of lift 
wire that has been paid out. 

Also in the second aspect, where the winch or crane 
system is provided on a vessel, the apparatus 
optionally includes a lift wire tension measuring 
device for measuring the tension in the lift wire. 

According to a third aspect of the present 
invention, there is provided heave compensation 
apparatus for a winch or crane system, the winch or 
crane system including a lift wire for attachment to 
a load, the apparatus comprising: - 

a lift wire distance measurement device which 
measures the length of lift wire that has been paid 
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1 out, and a control device capable of receiving an 

2 output from the lift wire distance measurement 

3 device and controlling the winch or crane system 

4 according to the distance measured, so as to 

5 stabilise the load. 
6 

7 According to the third aspect of the present 

8 invention, there is also provided a method of heave 

9 compensation for a winch or crane system, the winch 

10 or crane system including a lift wire, the method 

11 comprising the steps of 

12 measuring the length of lift wire paid out; and 

13 adjusting the pay out or recovery of the lift 

14 wire to stabilise the load. 
15 

16 According to a fourth aspect of the present 

17 invention, there is provided heave compensation 

18 apparatus for a winch or crane system, the winch or 

19 crane system being provided on a vessel and 

20 including a lift wire for attachment to a load, the 

21 apparatus comprising :- 

22 a vessel motion measurement device for 

23 measuring the motion of the vessel; 

24 and a control device capable of receiving an 

25 output from the vessel motion measurement device and 

26 controlling the winch or crane system according to 

27 the movement of the vessel, so as to stabilise the 

28 load; 

29 wherein the apparatus further comprises at 
3 0 least one of : - 

31 a) a lift wire tension measuring device for 

32 measuring the tension in the lift wire; 
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b) a lift wire distance measurement device 
which measures the length of lift wire that has been 
paid out; and 

c) a load motion measurement device for 
measuring the motion of the load. 

According to the fourth aspect of the present 
invention, there is also provided a method of heave 
compensation for a winch or crane system provided on 
a vessel, the winch or crane system including a lift 
wire, the method comprising the steps of : - 
monitoring the motion of the vessel and controlling 
the winch or crane system according to the movement 
of the vessel by adjusting the pay out or recovery 
of the lift wire to stabilise the load; 

and further comprising at least one of the 
following steps : ~ 

a) measuring the tension in the lift wire; 

b) measuring the length of lift wire that has 
been paid out; and 

c) measuring the motion of the load. 

Preferably, the lift wire tension measuring device 
is capable of monitoring changes in the tension on 
the lift wire. 

The apparatus typically includes a rotatable member 
that diverts the lift wire towards the seabed. The 
rotatable member, which may be a sheave, is 
typically rotatably mounted on a frame by the load 
measuring device, which may be a load pin. 
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1 The lift wire tension measuring device typically 

2 monitors the change in tension on the load pin. 

3 Thus, the changes in the tension in the lift wire 

4 can be determined by monitoring the change in 

5 tension on the load pin. 
6 

7 In an alternative embodiment, the lift wire tension 

8 measuring device can be configured to measure the 

9 in-line loads in the lift wire. For example, the 

10 load measuring device can be coupled to the winch or 

11 crane system so that the tension in the lift wire 

12 can be monitored directly (e.g. using load cells or 

13 the like located at the point where the winch is 

14 secured to the vessel) . 
15 

16 The vessel motion measurement device typically 

17 comprises a motion reference unit. The load motion 

18 measurement device typically comprises a motion 

19 reference unit which is optionally coupled to the 
2 0 load. 

21 

22 In certain embodiments, the load motion measuring 

23 device is electrically coupled to the control 

24 device. In alternative embodiments, the load motion 

25 measuring device is coupled to the control device 

26 using fibre optics or any other transmission system. 
27 

28 The control device typically comprises a control 

29 computer. The control device is typically coupled 

30 to the drive unit for the winch or crane system. 

31 Thus, the control device can, in addition to 

32 controlling the pay out and recovery of the lift 
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wire in response to inputs from the human operator, 
the control device can also control the pay out and 
recovery of the lift wire in response to the output 
from any of the following :- 

the lift wire tension measuring device; and/or 
the vessel motion measurement device; and/or 
the load motion measurement device; and/or 
a lift wire distance measurement device. 

For example, where the output of the lift wire 
tension measuring device indicates that the tension 
in the lift wire is increasing, the control device 
typically pays out wire in order to reduce the 
tension. Where the output of the lift wire tension 
measuring device indicates that the tension in the 
lift wire is decreasing, the control device 
typically recovers wire in order to increase the 
tension. The sequence of pay out and recovery 
operations typically attenuates the tension in the 
lift wire. Alternatively, or additionally, the 
sequence of pay out and recovery operations 
typically attenuates the stretch of the lift wire. 
This has the advantage that excess energy in the 
crane or winch system is avoided, which in turn 
leads to a more stable load. 

For example, where the output of the load motion 
reference unit indicates that the load is moving so 
that the tension in the lift wire would increase, 
the control device typically pays out wire in order 
to maintain the tension at a level necessary to 
prevent such load movement. Where the output of the 
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1 load motion reference unit indicates that the load 

2 is moving so that the tension in the lift wire would 

3 decrease, the control device typically recovers wire 

4 in order to maintain the tension at a level 

5 necessary to prevent such load movement. The 

6 increase or decrease in tension typically avoids any 

7 excess energy in the system, thereby stabilising the 

8 load and avoiding any unwanted movement thereof. 
9 

10 Alternatively, or additionally, where the output of 

11 the load motion reference unit indicates that the 

12 load is moving so that the stretch of the lift wire 

13 would increase, the control device typically pays 

14 out wire in order to maintain the stretch at a level 

15 necessary to prevent such load movement. Where the 

16 output of the load motion reference unit indicates 

17 that the load is moving so that the stretch of the 

18 lift wire would decrease, the control device 

19 typically recovers wire in order to maintain the 

20 stretch at a level necessary to prevent such load 

21 movement. The increase or decrease in stretch 

22 typically avoids any excess energy in the system, 

23 thereby stabilising the load and avoiding any 

24 tinwanted movement thereof. 
25 

26 The control device is typically provided with a 

27 plurality of inputs. A first input comprises a 

28 signal from a lift wire distance measurement device. 

29 The lift wire distance measurement device typically 

30 measures the length of lift wire that has been paid 

31 out. In certain embodiments, the length of wire 

32 paid out is used to determine the elasticity of the 
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given length of the lift wire. The given length of 
the lift wire typically forms a second input to the 
control device. The control device typically 
calculates the elasticity of the lift wire from the 
length of wire paid out, typically by reference to 
its elasticity characteristics. An operator 
typically inputs this reference data into the 
control device before commencing a lift operation. 

A third input comprises a signal from a vessel 
motion reference unit provided on the vessel. Thus, 
the control device is provided with an indication of 
the movement of the vessel . 



In certain embodiments, an effective mass of the 
load typically forms an input, such as a fourth 
input, to the control computer. The effective mass 
of the load typically comprises a mass of the load 
itself, an added mass, and drag loads. The mass of 
the load itself is typically deduced from the weight 
and buoyancy of the load. The added mass of the 
load is typically deduced from the amoxint of water 
that is required to be moved with the load. The 
drag load is typically deduced from the drag 
characteristics of the load in the direction of 
motion thereof. An operator typically inputs this 
reference data into the control device before 
commencing a lift operation. 

In certain embodiments, a vessel motion reference 
unit can optionally be provided, to measure vessel 
movements. in this embodiment, an output from the 
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1 vessel motion reference unit typically forms an 

2 input, such as a fifth input, to the control 

3 computer . 
4 

5 In certain embodiments, a load measuring device, 

6 which may be in the form of a lift wire tension 

7 measurement device, can optionally be provided. In 

8 this embodiment, an output from the lift wire 

9 tension measurement device typically forms an input, 
10 such as a sixth input, to the control computer. 

11 

12 In the method according to the first aspect of the 

13 present invention, the step of monitoring changes in 

14 the tension applied to the lift wire typically 

15 comprises the step of receiving an output from a 

16 lift wire tension measurement device indicative of 

17 the changes in the tension. 
18 

19 Also in the method according to the first aspect of 

2 0 the present invention, the lift wire is typically 

21 paid out when the tension in the lift wire 

22 increases, and the lift wire is typically recovered 

23 when the tension in the lift wire decreases, in 

24 order to attenuate natural resonance effects of the 

25 lift wire. 
26 

27 In the method according to the fourth aspect of the 

28 present invention, the step of monitoring movement 

29 of a load suspended from the lift wire typically 

30 comprises the step of receiving an output from a 

31 load motion reference device that is indicative of 

32 the movement of the load. 
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1 

2 Also in the method- according to the fourth aspect of 

3 the present invention, the lift wire is typically 

4 paid out when the movement of the load is such that 

5 the tension in the lift wire increases, and the lift 

6 wire is typically recovered when the movement of the 

7 load is such that the tension in the lift wire 

8 decreases . 
9 

10 The apparatus is particularly suited for use on 

11 board vessels, such as seagoing vessels, but is not 

12 limited to such use. 
13 

14 Embodiments of the present invention shall now be 

15 described, by way of example only, and with 

16 reference to the accompanying drawings, in which: - 

Fig. 1 is a schematic representation of a 
1^ vessel provided with a particular embodiment of 

1^ heave compensation apparatus; 

2 0 Fig. 2 is a schematic representation of a 

21 vessel provided with an alternative embodiment 

22 of heave compensation apparatus; and 

23 Fig. 3 is a block diagram of outline control 

24 requirements for embodiments of the present 

25 invention. 
26 

27 Referring now to the drawings. Fig. 1 schematically 

28 shows an exemplary embodiment of heave compensation 

29 apparatus provided on a surface vessel 10. In this 

3 0 embodiment, the vessel 10 is provided with a winch 
31 12 to facilitate lowering a load 14 to a particular 
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1 depth in the water such as the seabed (not shown) or , 

2 raising the load 14 therefrom. 
3 

4 It should be noted that the term '^seabed" as used 

5 herein will be understood to refer to any underwater 

6 bed (e.g. a lake bed, river bed etc.) . 

7 It should also be noted that the load 14 need not be 

8 lowered direct to the seabed. In some cases, the 

9 load 14 may be lowered onto or raised from other 

10 underwater locations, for example apparatus and 

11 equipment such as wellheads, manifolds and the like. 
12 

13 Also, the particular embodiment described herein 

14 refers to the use of a winch 12. However, a crane 

15 or other lifting apparatus could be provided in 

16 place of the winch 12, and embodiments of the 

17 present invention can be used with these and other 

18 variations also. 
19 

20 The load 14 is attached to the winch 12 using a lift 

21 wire 16. The lift wire 16 is conventionally reeled 

22 onto a winch drum 18 forming part of the winch 12. 

23 The lift wire 16 is paid out and recovered by 

24 turning the winch drum 16, which is typically 

25 accomplished using a winch drive 20. In certain 

26 embodiments, a tension control device can optionally 

27 be interposed between the winch 12 and an over- 

28 boarding sheave 22. 
29 

30 The lift wire 16 can take many different forms, and 

31 need not be a steel wire since the lift wire 16 may 

32 comprise steel cable, braided cable, rope, fibre 
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1 rope etc. The term "lift wire" as used herein is to 

2 be understood to refer to all of these and other 

3 variations . 
4 

5 The skilled reader will realise that stabilising the 

6 load 14 in accordance with embodiments of the 

7 present invention requires that, at any given time, 
.8 the crane or winch 12 control system 28 can 

9 determine the potential effects of a mix of operator 

10 commands, vessel motion and lift wire 16 resonance 

11 on the position of the load 14 relative to where the 

12 operator requires the load 14 to be positioned. The 

13 control system 28 described herein can thus command 

14 the winch 12 to react (i.e. hold/pay out/recover 

15 lift wire 16) so as to move the load 14 as commanded 

16 by the operator, whilst simultaneously compensating 

17 for vessel 10 motion and inhibiting lift wire 16 

18 resonance, thus enabling full control of the load 14 

19 at all times. 
20 

21 Optionally, the data available for the operation of 

22 the control system 28, can be augmented by 

23 information on the actual movement of the load 14 by 

24 means of the output of a load motion reference unit 

25 154. 
26 

27 The skilled reader will also realise that such a 

28 control system 28 will use adaptive/predictive 

29 control techniques. 
30 

31 The process of command, control, and stabilisation 

32 outlined above, comprises a mix of inputs and 
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1 outputs depending on the situation being addressed 

2 at any one time (e.g. the vessel 10 may be moving 

3 down requiring lift wire 16 to be recovered, whilst 

4 the load 14 is moving down requiring lift wire 16 to 
5- be paid out to avoid resonance) . The control • 

6 process is however made up of four basic elements 

7 which are applied in varying ways by software 

8 provided in the control system 28 as the situation 

9 demands. These are: 
10 

11 Wire Resonance Control: lift wire 16 paid 

12 out /recovered/held as determined by the control 

13 system 28 software using inputs from the wire 

14 tension 24 and payout 26 transducers- The 

15 underlying control aim is to minimise lift wire 16 

16 tension above or below that imposed by the need to 

17 support the load 14 itself (i.e. lift wire 16 

18 stretch) so as to inhibit a build up of spring 

19 energy (i.e. resonant effects) in the lift wire 16. 
20 

21 Compensation for Vessel Motion: lift wire 16 paid 

22 out/recovered/held as determined by the control 

23 system 28 software using vessel 10 motion inputs 

24 from a vessel Motion Reference Unit 38. The 

25 underlying control aim is to minimise unwanted or 

26 uncommanded load 14 movement. 
27 

28 Compensation for Load Movement (optional) : lift 

29 wire 16 paid out /recovered/held as determined by the 
3 0 control system 28 software using load motion inputs 
31 from a load Motion Reference Unit. The underlying 



19 

1 control is again to minimise unwanted or uncommanded 

2 load 14 movement. . 
3 

4 Operator Commands: lift wire 16 paid out/recovered/ 

5 held as directed by the operator. The control 

6 system 2 8 software will integrate these particular 

7 operator commands with those needed to meet the load 

8 stabilisation demands as described above, so that 

9 the load 14 is moving as directed, but is under full 

10 operator control at all times, largely independent 

11 of the effects of vessel 10 motion, or lift wire 16 

12 resonance . 
13 

14 The arrangement of embodiments in accordance with 

15 the various aspects of the present invention will 

16 now be described in more detail . 
17 

18 The lift wire 16 extends from the winch 12 over the 

19 sheave 22, which diverts the wire 16 towards the 
2 0 seabed. The sheave 22 is conventional in the art 

21 and is typically a pulley wheel with a grooved rim, 

22 mounted in a frame (not shown) located on the vessel 

23 10. The sheave 22 is mounted on the frame by a load 

24 pin 24 so that the sheave 22 may rotate relative to 

25 the frame if desired. 
26 

27 A wire length indicator 26 (e.g. an encoder) is 

28 provided in the path of the lift wire 16, and is 

29 typically formed by an idler sheave that is rotated 

30 with the movement of the lift wire 16 as it is paid 

31 out and recovered. In some embodiments, the 

32 indicator 26 may form part of the winch 12. The 
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1 wire length indicator 26 is typically used to inform 

2 an operator of the winch system of the approximate 

3 length of wire 16 that has been paid out (e.g. the 

4 approximate length of the lift wire 16 to the load 

5 14) . The output of the indicator 2 6 also forms an 

6 input to a control computer 28, the output being 

7 used to calculate the elasticity of the length of 

8 the paid out wire 16. The output can be coupled 

9 direct to the control computer 2 8 if the output of 

10 the indicator 26 and the input to the control 

11 computer 28 are compatible. 
12 

13 The control computer 28 is used to control the winch 

14 drive 20 and thus the rate at which" the lift wire 16 

15 is paid out and recovered. The control computer 28 

16 is electrically linked to the winch drive 2 0 by a 

17 cable 3 0 or other transmission system, and can 

18 respond automatically to control operation of the 

19 winch 12 in response to certain variables including 
2 0 an output from the wire length indicator 2 6 (via a 

21 cable 32) or from operator input at a control 

22 console 34 electrically coupled to the control 

23 computer 28 via a cable 36, The control console 34 

24 is typically located on-board the vessel 10. 

25 Accordingly, if the operator pushes a lever, button 
2 6 or other suitable man-machine interface (MMI) , 

27 provided on the control console 34, the control 

28 computer accepts such commands and instructs the 

2 9 winch drive 20 to pay out or reel in the lift wire 

3 0 16 as instructed. 
31 



The vessel 10 can be provided with a conventional 
Motion Reference Unit (MRU) 3 8 that provides 
feedback to the control computer 2 8 (via cable 4 0) 
so that the heave motion of the vessel 10 can be 
compensated for. The MRU 38 typically measures the 
motion of the vessel 10 relative to an average datum 
and provides, generally in a processed form, control 
signals that drive a heave compensator (not shown) 
in the correct direction by the correct amount. The 
heave compensation of the winch 12 overlays the 
normal input commands from an operator to lift, 
lower or hold the load 14. Accordingly, the motion 
experienced by the load 14 due to the heave motion 
experienced by the heave of the vessel 10 can be 
compensated for, as is conventional in the art. 

Optionally, the control computer 2 8 can be provided 
with input from a load motion sensor unit (not shown 
but could be a further MRU) attached to the load 14, 
as indicated by optional cable 42. This latter 
embodiment is discussed in more detail with 
reference to Fig. 2. 

In the embodiment shown in Fig. i, and in accordance 
with various aspects of the present invention, the 
motion of the load 14 can be detected by monitoring 
the forces applied at the load pin 24 of the sheave 
22 caused by the reactions of the load 14 to the 
applied vessel motion. The load at the load pin 24 
is typically monitored using a tension gauge so that 
the tension on the lift wire 16 caused by the 
reactions of the load 14 can be monitored at the 
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1 load pin 24. Monitoring the load at the load pin 24 

2 is convenient, but the invention is not limited to 

3 this embodiment only. The load at the top of the 

4 lift wire 16 can be monitored using any conventional 

5 means. Accordingly, the resonance effects 

6 experienced by the load 14 due to the elasticity in 

7 the lift wire 16 can also be compensated for (in 

8 addition to the conventional heave compensation 

9 which is also provided for) - 
10 

11 The information from the gauge at the load pin 24 is 

12 fed to the control computer 28 via a cable 44. This 

13 has the advantage of monitoring the movement of the 

14 load 14 as manifested at the top of the lift wire 

15 16, thus giving the control computer 28 information 

16 about the dynamic state and responses of the winch 

17 system. The dynamic state and response of the winch 

18 system would include any resonant behaviour of the 

19 lift wire 16, particularly at increased depths, and 

20 the elasticity of the lift wire 16, which has an 

21 effect on the resonant behaviour of the lift wire 

22 16. 
23 

24 The control computer 28 generally requires 

25 information on the configuration of the winch 

26 system. For example, the mass of the load 14 would 

27 form an input to the control computer 28. The mass 

28 of the load 14 comprises three distinct components; 

29 the first is the mass of the load 14 itself, which 

30 can be deduced from the weight of the load 14; the 

31 second component is the added mass provided by the 

32 water around the load 14 that is required to be 
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moved in order for the load 14 to be moved; and the 
third component is the drag characteristics of the 
load 14 in the direction of the motion of the load 
14 - this is typically a function of the water plane 
area and surface area of the load 14 that is in 
contact with the sea in the direction of motion of 
the load 14. The mass, added mass and drag 
characteristics can be input by the winch operator 
using the control console 34. The control computer 
28 is generally provided with a man-machine 
interface (MMI) , e.g. in the form of the console 34 
so that these, and any other required data, can be 
input to the computer 28. 

The control computer 28 can be provided with pre- 
loaded reference data (e.g. look-up tables or the 
like) detailing, for a range of conditions, certain 
characteristics (e.g. dynamic, spring, drag, damping 
etc.) of the vessel 10, the load 14, the lift wire 
16 and the winch system. 

The pre -lift operator inputs define the actual 
vessel, hoist system, load and any other pertinent 
parameters . 



The control computer 28 is provided with appropriate " 
software that can take account . of outputs relating 
to the mass of the load 14, the length of the lift 
wire 16 paid out as well as motions of the vessel 10 
and the behaviour of the heave compensation system. 
In certain embodiments, the control software can 
apply adaptive and/or predictive control techniques. 
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1 The control software takes all of the data that is 

2 input and uses it to generate some of the control 

3 parameters required to achieve compensation so that 

4 unwanted movement of the load 14 is compensated for, 

5 and in particular, monitors the spring 

6 characteristics of the winch system. 
7 

8 The adaptive/predictive techniques built into the 

9 software facilitate comparison of the resultant 

10 movement of the load 14 from the commands of the 

11 operator with the actual movement of the load 14, 

12 and makes adjustments to the software parameters so 

13 that the compensation technique will ""learn" and 

14 improve with use. For example, the pre-loaded data 

15 and operator inputs result from a number of 

16 different sources, each with inherent inaccuracies 

17 of varying degree, and the software can correct 

18 these parameters based on actual results- Other 

19 control techniques may also be used to predict the 

20 motion of the load 14. 
21 

22 The elasticity of the lift wire 16 would form 

23 another input to the control computer 28, and this 

24 is deduced from the length of the lift wire 16 that 

25 is paid out, and also the wire spring 

26 characteristics or stiffness. The length of the 

27 wire 16 that has been paid out is fed to the 

28 computer 28 from the wire length indicator 2 6 via 

29 cable 32, and thus the elasticity of the wire 16 can 

30 be calculated in a known manner. 
31 
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1 The control computer 28, using appropriate software, 

2 takes the inputs from the operator of the winch 12, 

3 and from the wire length indicator 26, the MRU 3 8 

4 and the load pin 24, and controls the movement of 

5 the winch 12 and thus the load 14 by paying out and 

6 recovering the lift wire 16 in order to compensate 

7 for the resonant behaviour of the system and motion 

8 of the vessel 10. 
9 

10 When the operator of the winch 12 commands movement 

11 of the load 14 (e.g. by operation of a joystick 

12 provided on the control console 34) , then the 

13 control computer 28 would provide for motion of the 

14 winch 12 by facilitating a sequence of pay out and 

15 recovery operations of the wire 16 so that the 

16 excess energy that would otherwise have been caused 

17 by movement of the load 14 is avoided, thus 

18 stabilising the load 14 in any operating condition 

19 at any depth. This would cause the position of the 

2 0 load 14 to be changed without introducing 

21 oscillations to the load 14. The stabilisation of 

22 the load 14 is applied whether the load 14 is 

23 intended to be held stationary, or is being lifted 

24 or lowered. 
25 

26 At resonance of the wire 16 (i.e. when the lift wire 

27 16 extends to a length sufficient to cause resonant 

28 behaviour, the system monitors the tension on the 

29 wire 16 at the load pin 24, and the control computer 

3 0 28 commands the winch 12 to either pay out the wire 

31 16 when the tension thereon increases, or recover 

32 the wire 16 as the tension thereon decreases, in 
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1 order to stabilise the load 14 and is again applied 

2 whether the load 14 is intended to be held 

3 stationary or is being lifted or lowered. The 

4 increase and decrease in tension is due to the 

5 movement of the load 14 (and/or the vessel 10) that 

6 causes the lift wire 16 to extend or retract, 

7 depending upon the direction of movement of the load 

8 14 (and/or the vessel 10) . The sequence of pay out 

9 and recovery avoids build-up of excess energy in the 

10 system and thus prevents a build-up in the motion of 

11 the load 14 (i.e. when the load 14 is being 

12 lowered) . Additionally, or alternatively, the 

13 sequence of pay out and recovery avoids build-up of 

14 a deficit in the energy in the system and thus 

15 prevents a build-up in the motion of the load 14 

16 (i.e. when the load 14 is being lifted) - This, in 

17 turn, effectively eliminates the resonant behaviour 

18 of the lift wire 16 and the load 14. 
19 

2 0 Thus, if the load 14 moves downwardly due to 

21 resonant behaviour of the lift wire 16, the wire 16 

22 is further stretched causing the tension on the load 

23 pin 24 to increase, and thus the winch 12 is 

24 actuated to pay out more wire 16 in order to 

25 compensate for the increase in tension caused by the 

26 downward movement of the load 14. Conversely, if 

27 the load 14 moves upwardly due to resonant behaviour 

28 of the lift wire 16, the wire 16 contracts and the 

29 tension on the load pin 24 decreases, and thus the 

3 0 winch 12 is actuated to recover more wire 16 in 

31 order to compensate for the decrease in the tension 

32 caused by the upward movement of the load 14. 
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1 

2 At the bottom (i.e. when the load 14 is near the 

3 seabed) , the winch 12 is commanded to move the load 

4 14 in such a way as to lower the load 14 without 

5 causing vertical oscillations. This control is 

6 provided by monitoring the tension on the wire 16 at 

7 the load pin 24, and adjusting the pay out and 

8 recovery of the wire 16 as described above, whilst 

9 still lowering the load 14 • 
10 

11 Thus, monitoring of the load at the load pin 24 

12 provides an early indication of the movement of the 

13 load 14 due to resonant behaviour of the lift wire 

14 16 and the load pin data output can be fed back to 

15 the control computer 28, which in turn can then 

16 eliminate and/or attenuate the unwanted resonant 

17 movement. 
18 

19 The control software facilitates the movement and 

20 position of the load 14 to be known and controlled 

21 more accurately in response to operator input, 

22 taking into account the dynamics of the winch system 

23 including the winch 12, the lift wire 16 and the 

24 suspended load 14, and the control software uses an 

25 adaptive control algorithm to achieve stabilisation 

26 of the load 14. The information provided by the 

2 7 gauge at the load pin 24 may be delayed due to the 

28 dynamics of the lift wire 16, but the software can 

2 9 be configured to compensate for the control of 

30 parameters (i.e. the tension in the lift wire 16) 

31 that may not be measured or monitored direct. 
32 
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1 Fig. 2 shows an alternative embodiment that is 

2 similar to Fig. 1- Like reference numerals have 

3 been used to designate like components, prefixed 

4 ^^1" . 
5 

6 In the Fig. 2 embodiment, a junction box 15 0 is 

7 provided on the vessel 110, and the cables 132, 140 

8 and 144 from the wire length indicator 126, the MRU 

9 138 and the load pin 124 are joined at the junction 

10 box 150. A two-way cable 152 provides two-way 

11 communication to and from the junction box 150 to 

12 the control computer 128. Thus, the inputs from the 

13 indicator 126, the MRU 138 and the load pin 124 are 

14 transferred to the control computer 128 via the 

15 cable 152. Control signals from the control 

16 computer 128 to the winch drive 120 are routed 

17 through the control cable 152, the junction box 150 

18 and the control cable 130. 
19 

2 0 Also in the embodiment of Fig. 2, a load motion 

21 reference unit 154 is provided on the load 114. 

22 Thus, the load MRU 154 outputs a signal indicative 

23 of the motion of the load 114. The signal is 

24 conveyed to the control computer 128 via cable 142, 

25 junction box 150 and the cable 152. 
26 

27 The cable 142 can be separate from the lift wire 116 

28 or integral therewith (e.g. by use of an umbilical) . 
29 

3 0 The signal from the load MRU 154 is used in place of 

31 (or as in Fig. 2 in addition to) information on the 

32 tension in the lift wire 116 to allow the control 



computer 128 to compensate for the movement of the 
load 114. due to resonant behaviour of the lift wire 
116. Thus, if the load 114 moves downwardly due to 
resonant behaviour of the lift wire 16, as indicated 
by the load MRU 154 (and/or the load on the load pin 
124) , the winch 112 is actuated to pay out more wire 
116 in order to compensate for the unwanted downward 
movement of the load 114. Conversely, if the load 
114 moves upwardly due to resonant behaviour of the 
lift wire 16, as indicated by the load MRU 154 
(and/or the load on the load pin 124), the winch 112 
is actuated to recover more wire 116 in order to 
compensate for the xmwanted upward movement of the 
load 114. 



In this particular embodiment, the approach to 
resonance damping detects variations in the tension 
on the lift wire 116, and generally separates out 
the effects on the load 114 caused by resonance. 
The information from the indicator 12 6 and from the 
load MRU 154 are converted into adjustments of the 
wire length (e.g. to adjust the tension in the lift 
wire 116) so as to neutralise or dampen the 
resonance behaviour of the load 114. This keeps the 
load 114 stable as the strain energy in the lift 
wire 116 neither increases nor decreases (i.e. is 
not in excess or deficit) , and consequently, cannot 
induce resonance in the load 114. The damping 
process overlays the basic operator commands to the 
winch 112 (i.e. to lift, lower or hold the load 
114) . 
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1 In general, it is preferable for the system to take 

2 account of all the ongoing influences on rope 

3 tension and the position of the load, including, but 

4 not limited to, resonance, heave compensation 

5 actions and operator commands to lift, lower and 

6 hold the load 114. The software on the control 

7 computer 128 processes data obtained from these 

8 influences to prevent unwanted movement of the load 

9 114 when it is being held, lifted or lowered. This 

10 leads to the load 114 moving in the way anticipated 

11 and expected by the operator, without any xindue 

12 influence from the motion of the vessel 110 or 

13 resonance of the lift wire 116. 
14 

15 The Fig. 2 embodiment has the advantage that it 

16 reduces the requirement for predictive /adaptive 

17 capabilities in the software as it provides 

18 information on the actual load movement versus the 

19 anticipated load movement using the load MRU 154- 
20 

21 Fig. 3 shows in block diagram the inputs into the 

22 control computer 28 for two different scenarios of 

23 operation: - 

24 Depth = N X 10^ metres of water (e.g. up to a 

25 few hundred meters of water depth) and is indicated 

26 by reference numeral 71; and 

27 Depth = N X 10^ metres of water (e.g. thousands 

28 of meters of water depth) and is indicated by 

29 reference numeral 73. 
.3 0 

31 In shallower water (i.e. depth 71) only the operator 

32 commands (lift or lower) and the vessel heave motion 
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reference unit inputs 38; 138 are required by the 
control computer because there are no apparent 
resonant effects exhibited by the lift wire 16. 

4 Thus the system in this mode of operation can be 

5 considered to be operating like a conventional heave 

6 compensation system since no resonance effects due 

7 to elasticity of the lift wire 16 need be 

8 compensated for since they are so minimal or non- 

9 apparent . 



10 
11 
12 
13 
14 
15 
16 



However, in deeper water (i.e. depth 73) the 
operator commands (lift or lower) and the vessel 
heave motion reference unit inputs 38; 138 are input 
into the control computer along with the additional 
inputs shown in Fig. 3 in order that the control 
computer can attenuate the resonant effects 
17 exhibited by the lift wire 16. 
18 

19 Embodiments of the present invention offer 

20 advantages over conventional heave compensation 

21 techniques, in that the load can be stabilised in 

22 any operating condition at any depth. 
23 

24 

25 



Certain embodiments of the present invention extend 
the function of the control system for the winch or 

26 crane so that the problems associated with the 

27 resonant behaviour and/or oscillating response of 

28 the suspended load are minimised or overcome. 
29 

30 Certain embodiments of the presen^: invention provide 

31 for adjustment of the pay out and recovery of the 
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1 lift wire by referring to the motion of the load 

2 itself that is suspended by the lift wire. 
3 

4 Certain embodiments take account of the actual 

5 movement of the load and compensate for this by 

6 control of the winch. Certain embodiments of the 

7 present invention provide a heave compensation 

8 system that models the dynamics of the whole system, 

9 including the winch, the lift wire and the load 
10 itself. 

11 

12 Certain embodiments of the present invention offer a 

13 heave compensation system that can be used in 

14 greater water depths than conventional systems, and 

15 can also be used in shallow water and deeper water. 

16 Certain embodiments of the present invention 

17 compensate for the resonant behaviour of the load. 

18 Certain embodiments allow the operator to accurately 

19 control the height of the load by compensating for 

20 or eliminating oscillations in the movement of the 

21 load caused by movement of the vessel. 
22 

23 Certain embodiments provide a system that is capable 

24 of providing safe and stable handling of loads, 

25 particularly at increased water depths when compared 

26 to conventional systems. 
27 

28 Certain embodiments of the present invention offer a 

29 heave compensation system that includes a system 

30 that is capable of neutralising (e.g. damping) the 

31 effects of resonance of the load. Certain 

32 embodiments are capable of neutralising the 



resonance effects that are already in evidence 
(lagging) , but certain embodiments are also capable 
of predicting the onset of resonance and thus 
respond to these before they occur (leading) . 

Certain embodiments provide a heave compensation 
system and a resonance damper/neutraliser . A 
further system is generally included that responds 
to normal operator commands e.g. for the load to be 
lifted, lowered or remain stationaary. 

Modifications and improvements may be made to the 
foregoing without departing from the scope of the 
present invention. For example, the control 
computer has been described as being electrically 
coupled to various other components using electrical 
cables, but the couplings could be via fibre optic 
or other transmission or telemetry systems (e.g. by 
radio etc) . 

In a further alternative embodiment, it is possible 
to monitor the strain or tension on the lift wire 
other than by use of the load applied to the load 
pin. For example, an in-line strain gauge could be 
used to monitor the strain or tension on the lift 
wire direct. This could be provided at any suitable 
location (e.g. at the winch, the sheave etc.). 

In a further modification, it will be apparent that 
the foregoing description refers to adjustment of 
the winch drive to facilitate changes in the pay out 
and recovery rates of the lift wire. However, a 
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1 cable take-up device or other system that is capable 

2 of changing the pay out and recovery rates could be 

3 used. In one eiT±>odiment , a cable take-up device can 

4 be interposed between the winch and the over- 

5 boarding sheave. The cable length adjustments would 

6 generally be achieved electro-hydraulically , but an 

7 all -electric or other system could be used. 
8 

9 It should be noted that the foregoing ignores motion 

10 of the lift wire suspension point in the horizontal 

11 plane as the load is generally a considerable 

12 distance from this point. Consequently, any effects 

13 will be insignificant and/or slow and easily 

14 accommodated . 
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